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© High pressure regulator valve. 

© A pressure regulating valve for controlling pressure in 
high pressure hydraulic circuits includes a closure member 
(36) with an integral control piston (33) and a conical seating 
surface (38) cooperable with a complementary surface on a 
seat member (39). The valve closure member is biased in the 
closed position by an actuating mechanism including a pres- 
sure gas piston (88) and cylinder (72) arrangement utilizing a 
flexible diaphragm (90) for seating the actuator pressure 
chamber (96). The effective cross-sectional area A» of the 
control piston is large enough to minimize the differences in 
cross-sectional areas on the closure member exposed to 
pressure fluid between the valve closed and valve open posi- 
tions whereby a minimum variation between the valve open- 
ing pressure and the control pressure is experienced. The 
increase in pressure in the actuator pressure chamber (96) 
resulting from movement of the valve from the closed to open 
positions substantially offsets the change in effective face 
areas of the closure member to further minimize the differ- 
ence between the valve opening pressure and the steady state 
regulated pressure. 
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High pressure regulator vatve. 

© A pressure regulating valve for controlling pressure in 
high pressure hydraulic circuits includes a closure member 
36 with an integral control piston 33 and a conical seating 
surface 38 cooperable with a complementary surface on a 
seat member 39. The valve closure member is biased in the 
closed position by an actuating mechanism including a 
pressure gas piston 88 and cylinder 72 arrangement utilizing 
a flexible diaphragm 90 for sealing the actuator pressure 
chamber 96. The effective cross-sectional area A3 of the 
control piston is large enough to minimize the differences in 
cross-sectional areas on the closure member exposed to 
. pressure fluid between the valve closed end valve open 
N positions whereby a minimum variation between the velve 
^ opening pressure and the control pressure is experienced. 
The increase in pressure in the actuator pressure chamber 96 
resulting from movement of the valve from the closed to 
open positions substantially offsets the change in effective 
71 face areas of the closure member to further minimize the 
difference between the valve opening pressure and the 
W steady state regulated pressure. 
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HIGH PRESS URE REGULATOR VALVE 
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J The present invention relate r~ , 

5 valve intended ■ , . . & re * uW 
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appa ratus ;: u : e a r:::r^ :: t r 9h ~ ~« 

apparatus and hydrostatic test 9 ^ ^ Cl6anin9 

" pressure h y arost atic test equipment, operating 

pressures have now commonly reached values in tL r 

15 of 10,000 to 50 nnn s ln the range 

16 liquid handlino development of working 

q«ia handling equipment operating i„ th^* 
« ranges presents special Dt8 l 6 pressur * 

tions of water jet blast de ""^ aPPliCa ~ 

» for example, it is de T" 9 " CUttin 9 equipment, 

20 discharge pressure to a \ *° r£9Ulate ^ « 

21 r egarai L "of ' f^ 311 ^ instant value 

22 example I ° f the Purop f l°«- For 
example, it may be desired to have several on 

23 nozzles or iettina onn ~ e verai on-off type 

J 9 9 uns connected to a c< n „i 

24 Pu»P discharge line ,„ . „ 9 6 ° r C ° m ° n 

25 aesirable to provide » *" ° Ppli °°"°" 1* is 
* -iU regulate the ° P " SSnre "»»i=«ng valve which 

regulate the pump discharge pressure + n 
27 tially constant value so tw pressu re to a substan- 

- - P erl y operated f roI " ~ Z^J^T " * 

30 blast c 1 ean , ;; 9 h o r^;i:: in9 »' »*■» let 

« operatino egu lpn ent requires that th 

Perat,„g components be „echanicall y stro„ 9 enough to 
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According to the invention from one aspect, there is 
provided a valve adapted for regulating relatively bigft hydraulic 
fluid pressures in a conduit, said pressures being in the range 
of at least 10,000 to 20,000 psig, said valve being characterised in 
that it includes a body defining a flow chamber, an inlet passage in 
communication with said chamber and adapted • to be connected to said 
conduit, means forming a seat member including an outlet passage 
opening into said chamber and having a portion forming a seating 
surface, a valve closure member disposed in said chamber, said valve 
closure member comprising a portion engageable with said seating 
surface and a control piston connected to said closure member 
portion and including a portion slidably disposed in a bore in 
said body, said valve closure member including a first effective 
cross-sectional area exposed to fluid pressure in said chamber and 
responsive to said fluid pressure to urge said closure member to 
move away from said seating surface which is configured such that a 
second effective cross-section area of said closure member exposed 
to fluid pressure in said chamber upon movement of said closure 
member to the valve open position is no more than approximately 
ten percent greater than said first area, and actuator means 
for urging said control piston toward said closed position of said 
closure member. 
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a valve actuator connected to said body for providing a 

substantial biasing force acting on said control piston to urge said 

control piston toward said seating surface, said actuator including 

a pressure fluid cylinder, an actuating piston disposed in said 

5 cylinder and engaged with said control piston, a flexible diaphragm 

disposed in said cylinder and engaged with said actuating piston and 

defining a pressure fluid chamber for storing fluid under pressure 

to act on said actuating piston for urging said control piston to 

move said closure member to the valve closed position, a stop member 

10 disposed in said pressure fluid chamber for limiting the movement 

« 

of said actuating piston in a direction to permit valve opening 
movement of said closure member whereby the volume of said pressure 
fluid chamber is reduced by a maximum amount to provide a pressure 
increase in said pressure fluid chamber sufficient to provide a 
15 valve closing force acting on said control piston which is substan- 
tially balanced by a valve opening force acting on said control 
piston; . 

said body and said actuating means being adapted to 
provide for removal of said closure member including said control 
20 piston from said body upon removal of said seat member from said 
body and without removal of the valve actuator providing said 
biasing force acting on said control piston. 

The present invention provides an improved fluid pressure 
regulating valve particularly adapted for use in conjunction with 
25 higji pressure liquid applications such as water jet cutting and 
blast cleaning equipment and hydrostatic testing equipment. 
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1 in pressure of the control fluid has minimal effect on 

2 the valve operating characteristics. In fact, the valve 

3 is adapted to provide a maximum change in volume of the 

4 control pressure fluid over the stroke length of the 

5 valve closure member which is operable to increase the 

6 control fluid pressure sufficiently to counteract the 

7 valve opening forces resulting from the change in 

8 effective area of the valve closure member when moving 

9 from the seated to the unseated position. 

10 

11 In one possible arrangement there is provided a valve 

12 biasing actuator for a high pressure regulating valve which is 

13 adapted to limit the opening movement of the valve 

14 closure member r control piston and actuator piston. 

15 

16 The high pressure regulator valve nay adopt an 

17 improved arrangement of the component parts wherein a 

18 valve seat member and closure member are easily remov- 

19 able from the valve body for replacement or repair. In 

20 particular, in this case, the valve closure member and control piston 

21 which are formed as an integral part may be removed 

22 from the valve body and replaced without requiring 

23 disassembly or bleeding of control pressure fluid from 

24 the regulating actuator. The valve body and regulating 

25 actuator housing are of mechanically uncomplicated and 

26 rugged construction and the valve actuator pressure 

27 chamber is easily sealed by an improved cup shaped 

28 flexible diaphragm interposed between the actuator 

29 piston and the pressure chamber. 

30 The invention will be -better understood from the following 

31 description which refers, by way of example, to the accompanying 

32 drawings, in which 
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The gun 14 is operable to be actuated to 
supply a very high velocity stream of water to be used 
for cutting or blast cleaning in many applications known 

4 to those skilled in the art. i„ particular, the valve 

5 20 is adapted to shutoff upon release of its actuating 
lever 21 to abruptly interrupt flow of high pressure 
water through the conduit 16. The apparatus illustrated 
in Figure 1 is adapted to be used in conjunction with 

9 one or several guns 14 although only one is shown for 
illustration purposes. Additional ..jet guns 14 could be 
used with the apparatus described and illustrated by 
merely connecting each additional gun to the conduit 16 
in a manner readily understandable by those skilled in 

14 the art. 

15 The apparatus illustrated in Figure 1 is 

16 adapted to be used in conjunction with an improved high 

17 pressure regulating valve, constituting a preferred embodiment of the 

18 present invention, and generally designated by the numeral 22. 

The valve 22 is also adapted to be connected to the pump 
discharge conduit 16 and is adapted to regulate the 

21 pressure in the conduit 16 by venting or dumping water 

22 . through a valve discharge line 24 when the flow through 

23 the valve 20 is being throttled or completely shutoff. 

24 Basically, the pressure regulator valve 22 is adapted to 

25 maintain a substantially constant discharge pressure in 

26 the conduit 16 so that pressure variations do not occur 

27 at the guns 14 when in use and, particularly, if more 
than one gun is being used at the same time. The 
regulation of pressure to minimize the variation in 
pressure between the valve opening and operating condi- 

31 tion is particularly advantageous in hydraulic jet blast 
cleaning or cutting systems as well as many other 
hydraulic systems including hydrostatic test equipment 
used for testing components such as piping, pressure 
35 vessels and other pressure fluid devices. 
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1 The body 26 includes an inlet conduit or 

2 passage portion 54 which is adapted to include a suit- 

3 able threaded portion 55 for receiving a conduit fitting, 

4 not shown, for connecting the valve 22 to the pump 

5 discharge conduit 16 or other source of high pressure 

6 fluid. The seat 44 also includes a discharge flow 

7 passage 56 including a threaded portion formed in the 

8 head 52 to which a suitable fitting such as a relatively 

9 short pipe nipple 60 may be connected. A right angle 

10 fitting 62 is also suitably connected to the conduit 

11 portion 60 to redirect the discharge flow stream from 

12 the valve 22 through a discharge line such as the 

13 conduit 24. 

14 In the development of a high pressure regula- 

15 tor valve for applications such as dumping or discharg- 

16 ing substantially all of the output of a source of high 

17 pressure liquid the design criteria for the valve 

18 includes the sizing of the discharge passage 56 to be 
19. adequate such that a negligible pressure drop occurs 

20 * through the passage when the valve is in the maximum 

21 open position. For example, for a valve adapted to 

22 operate between 10,000 and 20,000 psig inlet pressure in 

23 the passage 54 a 100 to 200 psig pressure drop through 

24 the passage 56 is considered negligible. Accordingly, 

25 once the flow area of the passage 56 has been determined 

26 it is then desirable to maximize the surface area of the 

27 valve seat surface which is designated by the numeral 64 

28 in Figures 2 and 3. The valve seat surface 64 is formed 

29 as a frusto-conical surface delimited by the seat end* 

30 wall 45 and the passage 56 and adapted to accommodate 

31 and be in sealing engagement with a cooperable seating 

32 surface 39 formed on the head 38 of the closure member 

33 36. 



34 It has been determined that it is desirable to 

35 maximize the actual surface area of the seating surface 
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1 stainless steel components for the valve closure member 

2 36 and the seat 44, and included angle B of the conical 

3 surfaces 39 and 64 of between substantially 30° and 45°, and prefer- 

4 ably 30° and 44°, will allow the closure member to move freely off of 

5 the seat surface under the urgning of pressure fluid at a design opening , 

6 pressure of between 10,000 psig and 20,000 psig. This s 

7 is a particularly important consideration in view of the ^ 

8 fact that the force biasing the closure wember in the $ 

9 closed position for a valve such as the valve 22 must be v 

10 substantial when considering ths operating pressures and 

11 the size of the valve required for typical flow volumes 

12 used in water jet cutting and cleaning operations. 

13 The valve 22 is provided with an improved 

14 actuating "mechanism for biasing the closure member 36 

15 toward the closed position and for controlling the fluid 

16 pressure regulated by the valve. Tlve actuating mecha- 

17 nism for the valve 22 includes a cylindrical piston type 

18 actuator which is disposed in an actuator housing 

19 comprising a cylinder member 70 characterized by a 

20 cylindrical steel tube having a bore 72. *>e cylinder 

21 70 is located on the valve body 26 by a ^shoulder 74 

22 machined into the end face 75 of the vall*e body and is 

23 retained in engagement with the valve body by a head 

24 member 76 and a plurality of elongated threaded tie rods 

25 78. The tie rods 78 preferably comprise *tiad members 

26 which are threadedly engaged with a cylindrical collar 

27 80 which is sleeved over the outer cylindrical surface 

28 27 of the body 26 and butted agaiinst a^ transverse 
shoulder 82 opposite the shoulder 74. The ~head member 
76 comprises a relatively heavy steel plate including 
one or more threaded passages such ajs; the passags^ s 84 

32 and 86 formed therein. The head member 76 is retaX" 6 * 3 

33 in assembly with the cylinder 70 and body 26 by nuts 7s? 

34 threadedly engaged with the tie rods 78. 
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1 10:1 and, accordingly, for a valve adapted to regulate 

2 the pressure in conduit 16 at 10,000 psi the chamber 96 

3 is required to be charged with pressure fluid at a 

4 pressure of 1,000 psi. The chamber 96 may receive an 

5 initial charge of pressure fluid such as an inert gas at 

6 the desired pressure through the passage 84 which may be 

7 in communication with a conduit 104 having a constant 

8 pressure regulator valve 106 disposed therein and in 

9 communication with a source of pressure gas such as a 

10 tank 108. A suitable gas for use-* in the actuator of 

11 the valve 22 would be compressed air or nitrogen, for 

12 example.- Although the chamber 96 may be initially 

13 charged with pressure gas at the desired pressure and 

14 cut off from the source such as the tank 108 it might be 

15 preferred in some applications to maintain "a source of 

16 additional pressure gas onboard or in proximity to the 

17 valve 22 and controlled by a regulator such as the 

18 regulator 106. The passage 86 is provided for connect- 

19 ing the chamber 96 to a pressure gauge or indicator, not 

20 shown and would, of course, otherwise be plugged prior 

21 to charging the chamber 96. 

22 

23 .Although the valve 22 is adapted to minimize the 

24 difference between the pressure required to open the 

25 valve and the pressure which is continuously regulated 

26 by the valve in a steady state condition, there is a net 

27 difference in these pressures as discussed previously 

28 herein. However, the actuator mechanism for the valve 

29 22 is also adapted to minimize such pressure differences 

30 by providing the chamber 96 to be maintained at a 

31 minimum charge pressure by a regulator such as the 

32 regulator 106 ; However, the regulator 106 can be of a 

33 type which will allow the pressure to increase above the 

34 set point in the chamber 96 and, or course, this may 

35 occur upon movement of the piston 88 to decrease the 
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1 of the guns may be adjusted by setting the pressure in 

2 the chamber 96 



3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 



Although the construction of the vajve 22 is 
such as to minimize the need for replacement or repair, 
the uncomplicated structural features of the valve 
facilitate ease of repair and/or replacement of the 
valve seat member 44 and the closure member 36, for 
example. The closure member 36 may, i„ fact, be replac- 
ed without disassembly of the actuator portion of the 
valve by simply removing the seat member 44 and" allowing 
the closure member and the integral control piston 40 to 
be dropped or easily pulled out of the chamber 34. The 
diaphragm 90 is a longlife element and does not undergo 

14 severe cyclical distentions, m fact, for a valve sized 

15 to regulate a maximum of fifty gallons per minute of 

16 pump discharge flow, the diameter of the piston 88 may 

17 be a nominal 5.65 inches, the diameter of the control 
Piston 40 may be a nominal 1.75 inches and the diameter 
of the discharge conduit 56 a nominal .45 inches. For a 
valve sized in accordance with the above described 
dimensions and a minimum pressure drop across the seat 
discharge passage of approximately 120 to 150 psig, the 
Piston 88 will normally undergo movement of a maximum of 

24 .020 inches. Accordingly, this limited movement will 

25 not result in severe distention or compressing of the 

26 diaphragm 90. 
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Those skilled in the art will ' appreciate from 
the foregoing description that the valve 22 is mechani- 
cally uncomplicated and yet is provided with improved 
operating characteristics which are particularly desir- 
able for applications in regulating pressures in 'rela- 
tively high pressure hydraulic applications. 
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2 ' A valve according to Claim 1, characterised 

in that said seating surface (64) comprises a frustoconical bore 
portion in said seat means (44), and said closure member (36) 
includes a conical portion (38) engageable with said seating surface 
5 (64), the included angle (B) of said conical portion being in the 
range of approximately 30* to 45* to prevent said closure member 
(36) from locking engagement with said seat means (44). 

3. A valve according to claim 1 or 2, characterised 

in that the ratio of the first and second areas (A 3 -A 2 , A 3 -A!) is 
10 such as to provide a variation between opening pressure and 
operating pressure of five to ten percent. 



4 * A valve according to any preceding claim, 

characterised in that said actuating means comprises a pressure 
fluid cylinder (72, 76) an actuating piston (88) disposed in said 
15 cylinder, and a flexible cup shaped diaphragm (90) disposed in said 
cylinder and engaged with said actuating piston (88) and defining a 
pressure fluid chamber (96) for storing fluid under pressure to act 
on said actuating piston for urging said control piston (40) to move 
said closure member (36) to the valve closed position. 
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8. A valve according to any preceding claim, 
characterised in that said seat means includes a seat member (44) 
threadedly engaged with a cooperating threaded portion (28) of a 
bore (30) in said body defining said flow chamber (34), and said 
closure member (36) is retained in said body by said seat member 
(44). 

9. A valve as claimed in claim 8, characterised by 
an annular seal member (42) disposed in said bore (30) defining said 
flow chamber (34) and in sealing engagement with said control piston 
(33) and with the bore wall of said flow chamber (34) to isolate 
said flow chancer (34) from said .actuating means (72, 78, 80). 

10. A valve adapted for regulating relatively high 
hydraulic fluid pressures in a conduit, said pressures being in 
the range of at least 10,000 to 20,000 psig, said valve being 
characterised in that it comprises 

a body (26) having a first cylindrical bore (30) defining 
a flow chamber (34) and an inlet passage (54) in said body (26) 
opening into said flow chamber (34); 
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engaged with said control piston (33), a flexible diaphragm (90) 
disposed in said cylinder (70) and engaged with said actuating 
piston (88) and defining a pressure fluid chamber (96) for storing 
fluid under pressure to act on said actuating piston (88) for urging 
said control piston (33) to move said closure member (36) to the 
valve closed position, a stop member (98) disposed in said pressure 
fluid chamber (96) for limiting the movement of said actuating 
piston (88) in a direction to permit valve opening movement of said 
closure member (36) whereby the volume of said pressure fluid 
chamber (96) is reduced by a maximum amount to provide a pressure 
increase in said pressure fluid chamber (96) sufficient to provide a 
valve closing force acting on said control piston (33) which is 
substantially balanced by a valve opening force acting on said 
control piston (33); 

said body (26) and said actuating means (72, 88, 90) being 
adapted to provide for removal of said closure member (36) including 
said control piston (33) from said body (26) upon removal of said 
seat member (44) from said body (26) and without removal of the 
valve actuator (72, 88, 90) providing said biasing force acting on 
said control piston (33). 



